Abstract. Nonlinear transformation between the isoparametric and the Cartesian coordinates may make the elements more sensitive to mesh distortion. By using the second kind of quadrilateral coordinate method QACM-II, which can keep the transformation always linear between the area and the Cartesian coordinate systems, a 4-node plane element ACQλ2 was developed based on optimized generalized conforming conditions. Additional displacement field based on internal parameters was also used to make the whole displacement field quadratic complementary.
Introduction
As a local coordinate system, isoprametric coordinate method was widely used for developing finite elements as its convenience, such as the most famous elements Q6 [1] and QM6 [2] , but the nonlinear transformation between the isoparametric and the Cartesian coordinates would lead to a problem that the serendipity family was quite sensitive to the mesh distortions.
For overcoming this inherent defect of isoparametric coordinates，Long et al. [3, 4] developed the first kind of quadrilateral area coordinate method QACM-I. For this kind of quadrilateral coordinate method, the transformation between the area and the Cartesian coordinate systems is always linear, so it is powerful for developing new elements which are much more insensitive to mesh distortion.
By using QACM-I, Chen et al. [5] proposed 4-node quadrilateral membrane elements AGQ6-I and AGQ6-II, which are locking free of MacNeal's thin beam. Based on this research, Cen et al. [6] derived out the analytical element stiffness matrix of AGQ6-I and developed a family of the quadrilateral plane membrane elements [7] .
As QACM-I contains four area coordinate components (L 1 , L 2 , L 3 , L 4 ), among which only two are independent, Chen et al. [8] proposed the second kind of quadrilateral coordinate method QACM-II which has only two independent coordinate components Z 1 and Z 2 .
In this paper, based on generalized conforming theory [9] , a 4-node plane element ACQλ2 was developed by using QACM-II. Its nodal displacement field was formulated with optimized conforming conditions which would introduce fewest restrains on element's sides, and additional displacement field based on internal parameters was used to make the whole displacement field quadratic complementary.
Generalized conforming conditions
According to the theory of generalized conforming，the conforming conditions for plane elements under constant stresses are as follows:
Compatibility of constant stress x σ :
(1) Compatibility of constant stress y σ :
(2) Compatibility of constant stress xy τ : Eq.3 and Eq.4 can be written in equivalent form as follows: (7) Then there are three conforming conditions for u and v respectively, and for a 4-node element, the additional condition was selected as follows:
( ) 
With the conforming conditions presented in Eq.1~Eq.8, the undetermined parameters can be formulated out.
Substitute the results of (1, 2, 3, 4) i i α = into Eq.9，then the shape functions of nodal displacement can be written as: 
The Partial derivatives of shape functions are as follows: 
Then the matrix of strains q B can be formulated out. The stiffness matrix of nodal displacement field can be written as:
Where D is the elastic matrix and t is the thickness of element.
Formulation of additional displacement
Additional displacement field is assumed as follows: 
The shape functions of internal parameters can be selected as follows: 
These two shape functions both can satisfy the conforming condition as:
(15) With static condensation method, the stiffness matrix of element can be written as: Example 2. Cook's skew beam A skew cantilever beam under shear distributed load at the free edge, as shown in Fig. 2 , was proposed by Cook et al. [10] . The results of vertical deflection at point C, the maximum principal stress at point A and the minimum principal stress at point B are listed in Table 2 .
Tab. [13] 96.1 -2439 98.1 -3339 NQ6 [14] 96. 
Conclusions
By using the second kind of quadrilateral coordinate method QACM-II, a 4-node plane element ACQλ2 was developed based on generalized conforming theory. Optimized conforming conditions were selected to make the nodal displacement field keep lowest order and fewest restrains were applied on element's sides. Additional displacement field based on internal parameters was also used to make the whole displacement field quadratic complementary. 
